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(57) ABSTRACT

In a light emitting apparatus comprising a light emitting
device, a fluorescent substance capable of absorbing at least a
portion of light emitted by the light emitting device and
emitting light having a different wavelength, and a color
converting member which contains the fluorescent substance
and directly coat the light emitting device, the color convert-
ing member contains at least an epoxy resin dertved from
triazine and a mixing ratio of the epoxy resin dertved from

triazine to the acid anhydride curing agent in the color con-
verting member 1s from 100:80 to 100:240.
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LIGHT EMITTING APPARATUS PROVIDED
WITH FLUORESCENT SUBSTANCE AND
SEMICONDUCTOR LIGHT EMITTING
DEVICE, AND METHOD OF
MANUFACTURING THE SAMEL

This application 1s a divisional of U.S. patent application
Ser. No. 10/284,455, filed on Oct. 31, 2002, now allowed.

TECHNICAL FIELD

The present invention relates to a light emitting apparatus
that can be used as back light, light source for an 1lluminating,
switch, display and indicator. Particularly, the present inven-
tion relates to a light emitting apparatus capable of emitting,
light with high luminance over a long period of use.

BACKGROUND ART

Semiconductor light emitting device such as LED and LD
(laser diode) are small 1n size and emuits light of clear color
elliciently. Also as semiconductor devices, they do not burn
out, have good drive characteristic and are durable against
vibration and repetitive operations of switching ON/OFF. For
these reasons, they are used as various indicators and various
light sources. However, since such semiconductor light emiat-
ting device has monochromatic peak wavelength, 1t has been
necessary to use two or more kinds of semiconductor light
emitting device to emit whitish light (white, pink or incan-
descent-like 1llumination).

In the meantime, semiconductor light emitting device
made by combining LED chip that emaits light of monochro-
matic peak wavelength and a fluorescent substance for emit-
ting light of various colors with a single light emitting device
1s known as disclosed 1n Japanese Unexamined Patent Publi-
cation (Kokai) No. 5-152609 (Patent Document 1) and Japa-
nese Unexamined Patent Publication (Kokai) No. 7-99345
(Patent Document 2). FIG. 4A 1s a schematic diagram show-
ing an example of such a semiconductor device. Such a semi-
conductor light emitting device comprises an LED chip 1 that
has a relatively large band gap energy in the light emitting,
layer and 1s disposed on a cup or the like that 1s mounted at the
distal end of a lead frame consisting of a pair of lead elec-
trodes 7a and 7b. The LED chip 1 1s electrically connected to
a first lead 7a and a second lead 75 provided with the LED
chip 1. A color converting member 5, containing a fluorescent
substance 4 which absorbs light emitted by the LED chip and
converts the wavelength of the light, 1s formed 1n contact with
the LED chip 1, and a molding member 6 that covers the
whole 1s formed adjacent to the color converting member 4.

The color converting member 4, light transmitting resin
that makes the a base material for the molding member 5 and
a mounting member 2 used 1n the semiconductor light emat-
ting device are made of various synthetic resins 1n view of
productivity, ease ol handling and transparency. For the
molding member 5, 1n particular, epoxy resin that 1s resistant
to external force 1s preferably used. In consideration of the
close contact with the molding member 5 and compatibility
with the mechanical properties, the color converting member
4 provided 1nside 1s also preferably made of epoxy resin.

It 1s proposed to use, as the epoxy resin, an €poxy resin
composition which 1s made mainly of an alicyclic epoxy resin
and 1s cured by an acid anhydride. The epoxy resin cured by
a curing agent made of an acid anhydride 1s superior 1n light
transmission properties and light resistance. For example,
Unexamined Japanese Patent Publication (Kokai) No. 2000-
196151 (Patent Document 3) discloses a molding resin made
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mainly of an alicyclic epoxy resin instead of a general bisphe-
nol type epoxy resin. Since the epoxy resin, which 1s made
mainly of an alicyclic epoxy resin and 1s cured by an acid
anhydride, hardly include a carbon-carbon double bond,
which can cause light deterioration, in chemical structure,
deterioration of the molding resin 1s less likely to occur even
alter irradiation with light for a long time.

DISCLOSURE OF THE INVENTION

However, 1n the light emitting apparatus of the prior art
described above, luminance tends to undergo chronological
change after an extended period of use, and unevenness 1n
color tends to occur. In the meantime, dramatic advancements
in the opto-semiconductor technology in recent years have
caused a remarkable increase 1n the output power and a push
toward shorter wavelengths of the opto-semiconductor
devices. For example, a light emitting diode based on a nitride
semiconductor 1s capable of emitting light with a main emis-
s1on peak located somewhere 1n a range from about 3635 nm to
650 nm depending on the elements that constitute the light
emission layer. Emission of light with high output power of 5
mW or over 1s possible 1n a region of visible light of wave-
length shorter than 550 nm (from near ultraviolet region to
blue green light), when multiple quantum well structure 1s
used 1n the light emission layer of the nitride semiconductor.
A semiconductor device capable of emitting or recerving light
of such a high energy level 1s particularly prone to chrono-
logical change 1n luminance and color unevenness.

With the background described above, an object of the
present invention 1s to provide a light emitting apparatus that
1s capable of emitting light with uniform and high luminance
for a long period of time with less color unevenness, and a
method of manufacturing the same.

The inventor of the present application found, based on
many experiments, that the cause of chronological change in
luminance and color unevenness 1 small color conversion
type light emitting apparatus 1s related to the reliability of a
color converting member 5 containing a fluorescent sub-
stance 4 and seals the light emitting device 1. Major causes of
the chronological change in luminance and color unevenness
are non-reacted portion of epoxy resin that makes the color
converting member 5 and precipitation of fluorescent sub-
stance particles that are dispersed 1n the epoxy resin.

The eflect of the non-reacted portion of epoxy resin will
first be described. An acid anhydride curing agent i1s often
preferred as the curing agent for the reason of transparency
and light resistance for the purpose of curing the epoxy resin.
However, since the acid anhydride curing agent requires a
relatively long curing time, 1t 1s prone to absorption of mois-
ture and evaporation during the curing process. In such a color
conversion type light emitting apparatus, since the light emat-
ting device 1 1s sealed with the color converting member 5
made of a light transmitting resin containing the fluorescent
substance 4 which, as a whole, 1s sealed by the transparent
molding member 6, reduction 1n size of the light emitting
apparatus leads to an extremely small thickness of the color
converting member 35, typically about 1 mm or less. This
results in larger area of contact between the resin solution that
has been applied and the ambient air, thus making the curing
agent more likely to evaporate. When the color converting
member 5 1s formed from an epoxy resin solution containing
the acid anhydride curing agent, for example, there may occur
such a case that the acid anhydride curing agent evaporates
and the epoxy resin cannot be normally cured.

Epoxy resin that has not been normally cured cannot dem-
onstrate the properties of the resin, and light resistance and
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heat resistance tend to degrade significantly. The portion that
remains non-reacted not only degrades the properties of the
resin but also absorbs radiation in the ultraviolet or near
ultraviolet (blue) region, thus resulting 1n yellowish discol-
oration. Yellowing of the resin causes disturbance of color
balance and color unevenness of the semiconductor light
emitting device. In the case of a light emitting apparatus that
combines the semiconductor light emitting device and a fluo-
rescent substance, 1n particular, curing failure of the epoxy
resin in the semiconductor light emitting device causes a
serious problem. In a light emitting apparatus that emits white
light by blending blue light and yellow light, for example,
yellowing of the epoxy resin of the color converting member
causes disturbance of color balance in white light. Since
human eyes are more sensitive to color shift of white color
than that of light of single color, even a slight color shift due
to yellowing of the epoxy resin causes a serious problem.

Now the effect of precipitation of the fluorescent substance
particles 4 1n the color converting member 5 will be described
below. In the color conversion type light emitting apparatus,
dispersion of the fluorescent substance 4 1n the color convert-
ing member 3 that seals the light emitting device 1 has a
significance. When the fluorescent substance particles 4 pre-
cipitate 1n the color converting member 5 as shown in FIG.
4B, light emitted by the light emitting device 1 1s blocked by
the fluorescent substance particles 4, thus decreasing the
luminance of the light emission by the light emitting appara-
tus. Also color reproducibility decreases due to imbalance
between the light emitted by the light emitting device 1 and
the light converted by the fluorescent substance particles 4.
Also because density of the fluorescent substance particles 4
around the light emitting device 1 becomes susceptible to
change depending on the position, color unevenness tends to
OCCUL.

When the fluorescent substance 4 1s mixed 1n a liquid resin
as inthe case of the epoxy resin of the prior art, the fluorescent
substance 4 precipitates due to the difference 1n specific grav-
ity and 1t 1s difficult to achieve stable dispersion. Precipitation
of the fluorescent substance 4 may be restrained by potting the
resin while mixing the epoxy resin solution i1n a potting
machine that has a mixer. However, as the light emitting
apparatus becomes smaller, the potting machine also
becomes smaller and therefore mixing of the epoxy resin
solution with a mixer in the small space may result in dam-
aging of the inner wall of the imstrument with the broken chips
mixing in the resin. Also the mixing operation may cause
worn-out damage of the crystal on the surface of the fluores-
cent substance particles in the epoxy resin solution, thus
resulting in a deterioration of the optical properties. There 1s
also such a technique that adds a filler and/or a diffusing agent
together with the fluorescent substance to the epoxy resin
solution. While this improves dispersion to some extent, addi-
tion of a large quantity of dispersant to achieve significant
dispersion eifect leads to blocking of the light extraction path
thus resulting 1n lower output power.

Thus, the present 1invention provides an optical semicon-
ductor device, which 1s superior 1n reliability and can uni-
formly emit light, by a technique of completing curing of an
epoxy resin derived from triazine having particularly high
curing rate among non-aromatic epoxy resins having excel-
lent light resistance at the state where a curing agent 1s main-
tained at a stoichiometric number.

The light emitting apparatus of the present invention com-
prises a light emitting device, a fluorescent substance that 1s
capable of absorbing at least a part of light emitted by the light
emitting device and emitting light of a different wavelength,
and a color converting member contaiming the fluorescent
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substance and covers the light emitting device, wherein the
color converting member has at least epoxy resin derived
from triazine. Because of high curing rate of the epoxy resin
derived from triazine, the residue of the unreacted portion due
to lack of the curing agent can be suppressed even when using
a volatile curing agent such as acid anhydride. The epoxy
resin dertved from triazine of the present invention 1s solid
(for example, powder) at normal temperature before curing
and has an action of assisting dispersion of a fluorescent
substance, but 1s converted into a transparent resin aiter cur-
ing. Thus, the present invention provides an optical semicon-
ductor device, which 1s superior in optical characteristics and
reliability, by suppressing poor curing of the resin and pre-
cipitation of the fluorescent substance occurred 1n the color
converting member.

The epoxy resin derived from triazine 1s preferably an
epoxy resin as a dertvative of 1,3,5-triazine ring. Particularly,
an epoxy resin having an 1socyanurate ring 1s superior in light
resistance and satisfactorily assists dispersion of a fluorescent
substance. The epoxy resin preferably has a divalent trivalent
epoXy resin, more preferably a trivalent epoxy resin, 1n an
1socyanurate ring.

In the color converting member, the light resistance and
toughness of the color converting member are improved by
curing the epoxy resin dertved from triazine using an acid
anhydride curing agent. A mixing ratio of the epoxy resin
derived from triazine to the acid anhydride curing agent 1s
preferably from 100:80 to 100:240 to obtain a light emitting
apparatus having excellent reliability.

The method of manufacturing a semiconductor light emat-
ting apparatus comprising a light emitting device, a fluores-
cent substance capable of absorbing at least a portion of light
emitted by the light emitting device and emitting light having
a different wavelength, and a color converting member which
contains the fluorescent substance and directly coat the light
emitting device, said method comprising:

a first step of adding a powdered resin in a curing solution
containing an acid anhydride curing agent as a main compo-
nent at a temperature lower than a melting point of the resin to
prepare a mixed solution, adding a powdered fluorescent
substance 1n the mixed solution, and umiformly dispersing or
dissolving the powdered fluorescent substance; and

a second step of coating the light emitting device with the
dispersion obtained 1n the first step, and heating to a tempera-
ture higher than a melting point of the resin, thereby to cure
the dispersion to form a color converting member.

According to the manufacturing method of the present
invention, since the powdered resin assists the dispersion of
the fluorescent substance particles, a color converting mem-
ber having the fluorescent particles well dispersed therein can
be made. Thus it 1s made possible to easily manufacture the
light emitting apparatus that can maintain uniform light emis-
s1on for a long period of time regardless of the shape and size
ol the tfluorescent substance particles.

It 1s preferred that the powered resin 1s transparent before
curing and exhibits light transmission properties after curing
in the second step. Consequently, 1t 1s made possible to easily
handle the resin and to easily grasp the dispersion state of in
the step of preparing a dispersion and the step of directly
coating a light emitting device with the dispersion. Also it can
be easily confirmed whether or not the reaction between the
resin and the curing agent has been completed.

The powdered resin 1s preferably an epoxy resin derived
from triazine, and particularly an epoxy resin having an 1so-
cyanturate ring. The epoxy resin derived from triazine causes
the curing reaction at a very high rate when converted nto
liquid by heating to a temperature higher than a melting point.
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Therefore, poor curing of the resin can be prevented even 1n
case the color converting member 1s applied to form a thin
film using a volatile curing agent such as acid anhydride
curing agent. Therefore, a light emitting apparatus having
high reliability can be manufactured by controlling a mixing
rat1o of the epoxy resin to the acid anhydride curing agent to
a value closer to a stoichiometric number. To supplement
volatilization of a small amount of the acid anhydride curing,
agent, a curing solution may contain an acid anhydride 1n the
amount which 1s slightly larger than a stoichiometric number
of the epoxy compound to be cured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic sectional view showing a light
emitting diode of the present invention.

FIG. 1B 1s a partially enlarged sectional view of FIG. 1A.

FIG. 2 1s a diagram showing an example of reaction
between a epoxy resin derived from triazine and an acid
anhydride curing agent.

FI1G. 3 1s a process diagram showing the method of manu-
facturing the color converting member according to the
present invention.

FIG. 4A 1s a schematic sectional view of a light emitting
diode of the prior art.

FI1G. 4B 1s a partially enlarged sectional view of FIG. 4A.

FIG. 5 1s a graph showing the relationship between the
relative output power and the hours of operation as current of
20 mA was supplied 1n the first and second embodiments and
a comparative example.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Now preferred embodiments of the present invention will
be described below with reference to attached drawings.

FIG. 1A 1s a schematic sectional view of an example of
semiconductor light emitting device according to an embodi-
ment of the present invention, and FIG. 1B 1s a partially
enlarged sectional view of FIG. 1A. An LED chip 1 that has a
relatively large band gap energy in the light emission layer 1s
secured by a mounting member 2 on a cup or the like that 1s
mounted at the distal end of a lead frame consisting of a pair
of lead electrodes 7a and 7b. The LED chip 1 1s electrically
connected to a first lead 7a and a second lead 75 provided with
the LED chip 1. A color converting member 3, containing a
fluorescent substance 4 which absorbs light emitted by the
LED chip 1 and converts the wavelength of the light, is
tformed 1n contact with the LED chip 1, and a molding mem-
ber 6 that covers the whole 1s formed adjacent to the color
converting member 4.

The color converting member 3 1s made from a epoxy resin
derived from triazine that has been cured by a curing agent
and contains the fluorescent substance 4 dispersed therein
relatively uniformly. There 1s no particular limitation to the
color converting member as long as it contains at least epoxy
resin derived from triazine, but 1t may also contain such
additives as a filler, a promoter, a curing assisting agent, an
anti-oxidant and a diffusion agent.

The color converting member 5 1s formed by the method
shown 1n FIG. 3.

(1) First, powder of epoxy resin derived from triazine 1s
added to a solution of the acid anhydride curing agent at a
temperature lower than the melting point of the resin to pre-
pare a mixture solution. A tluorescent substance 1n the form of
yellow powder 1s added to the mixture solution and uniformly
dispersed to prepare a coating solution (epoxy resin coms-
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pound). Since the epoxy resin dertved from triazine used in
the present invention 1s typically a white powder, the coating
solution 1s generally white before curing.

(2) Atter covering the LED chip 1 with the coating solution,
it 1s heated to a temperature higher than the melting point of
the epoxy resin derived from triazine, thereby to react the
epoxy resin dertved from triazine with the curing agent to
form a color converting member 5. After curing, the epoxy
resin derived from triazine 1s transparent and the color con-
verting member 5 has a yellowish color. Therefore, progress
of curing of the resin can easily be monitored by checking the
color of the color converting member.

When the curing agent and the fluorescent substance are
mixed 1n the resin that contains the epoxy resin derived from
triazine at a temperature lower than the melting point as
described above, the epoxy resin dertved from triazine plays
the role of dispersant so as to restrain the fluorescent sub-
stance from precipitation. As the solution containing the fluo-
rescent substance satisfactorily dispersed therein 1s applied
onto the light emitting device at the same temperature, then
the powdered epoxy resin derived from triazine 1s melted at a
temperature higher than the melting point so as to quickly
react with the curing agent, and the epoxy resin derived from
triazine can be turned into transparent solid while maintain-
ing the fluorescent substance dispersed therein. As a result,
color unevenness can be improved without decreasing the
eificiency of extracting light to the outside. Moreover, the
curing solution containing the resin powder undergoes less
change 1n the viscosity before curing compared to a curing
solution containing a liquid resin. Also because the epoxy
resin derived from triazine quickly cures, evaporation of the
curing agent can be restricted to the evaporation that has
occurred before the start of curing, thus making 1t possible to
cure the resin satisfactorily.

Particle shape of the epoxy resin powder may also be
retained to some extent after curing, by setting the curing
temperature. For example, the resin may be cured while
retaining the interface between the powder particles so that
the powder articles do not completely fuse with each other,
with the result of light diffusing interfaces formed 1n the color
converting member 5. This improves the unevenness in color
produced by the light emitting apparatus by the diffusion of
light 1n the color converting member 5.

Composition of the epoxy resin derived from triazine and
the curing agent included 1n the color converting member are
preferably 1n a range from 100:80 to 100:240. When the
curing agent content 1s higher than the range described above,
non-reacted curing agent remains 1n the resin leading to lower
moisture resistance of the light emitting device. When the
content of the curing agent 1s lower than the range described
above, much time 1s taken to melt and then cure the epoxy
resin derived from triazine, thus making 1t difficult to solidify
while maintaining the dispersion of the tluorescent substance,
and curing failure may result which decreases the reliability
of the resin.

When such amethod 1s employed as described above, since
the mixture solution including the resin powder and the fluo-
rescent substance dispersed therein 1s used, the fluorescent
substance can be maintained in a state of satisfactorily dis-
persed 1n the mixture solution, thus improving the workabil-
ity. Moreover, since it 1s not necessary to apply to the light
emitting device while mixing, possibility of a foreign matter
to mix 1n the mixture solution 1s eliminated, thus improving
the reliability. Preparing the mixture solution at a temperature
lower than the melting point of the resin powder to be used
and curing the solution that has been applied at a temperature
higher than the melting point makes 1t possible to make a
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color conversion type light emitting apparatus that has high
reliability without color unevenness.

The respective constitutions will now be described in
detaul.

(Epoxy Resin Derived from Triazine)

The epoxy resin derived from triazine i1s preferably an
epoxy resin as adenivative of 1,3,5-triazine ring. For example,
1t 1s an epoxy resin having a structure wherein an epoxy group
1s added to any of nitrogens at the 1,3 and 5 positions of
1,3,5-tnazine ring. Particularly, an epoxy resin having an
1socyanurate ring 1s superior in light resistance and satisfac-
torily assists dispersion of a fluorescent substance. The epoxy
resin preferably has a structure wherein hydrogens combined
with mitrogens at the 1, 3 and 5 positions of 1socyanurate are
substituted with a proper epoxide group. The epoxide group
to be substituted or added may be a simple one such as
2.3-epoxypropanol or may have a high-molecular weight
chain structure having an epoxide group at the end. The epoxy
resin preferably has two epoxide groups, more preferably
three epoxide groups, 1n an 1socyanurate ring. For example,
triglycidyl 1socyanurate and tris(c-methyl glycidyljisocya-
nurate can be used. The curing reaction between triglycidyl
1socyanurate (=tris(2,3-epoxypropyl)isocyanurate) and an
acid anhydride curing agent as an example of the epoxy resin
derived from triazine according to the present mvention 1s
shown 1n FIG. 3.

The epoxy resin derived from triazine 1s a powdered resin
and has a melting point of 100° C. to 115° C., while the epoxy
resin has a high melting point of 80° C. to 100° C. when mixed
with a curing solution. The epoxy resin 1s stable 1n the form of
powder and has no reactivity, but has high reactivity when
liquefied and exhibits light transmission properties after cur-
ing. In the present invention, taking notice of the above fea-
ture of the epoxy resin derived from triazine, color uneven-
ness 1s suppressed and also a light emitting apparatus with
less deterioration with a lapse of time 1s realized by incorpo-
rating the epoxy resin derived from triazine mto the color
converting member coated directly with the light emitting
device.

(Curing Agent)

In the present invention, an acid anhydride 1s preferably
used as a curing agent. To obtain requisite light resistance,
one, two or more kinds of polybasic acid polycarboxylic
anhydrides, which chemically have neither non-aromatic nor
carbon double bond, are preferred. Specific examples thereof

include hexahydrophthalic anhydride, methylhexahydro-

phthalic anhydride, trnalkyltetrahydrophthalic anhydride and
hydrogenated methylnadic anhydride. It 1s particularly pre-

terred to use, as the acid anhydride, methylhexahydrophthalic
anhydride excellent in balance between curing reactivity and
moisture resistance. Although these acid anhydrides have
high volatility, poor curing due to lack of the curing agent can
be suppressed by using in combination with the epoxy resin
derived from triazine.

A cation curing agent having low volatility such as aro-
matic sulfonium salt can be used. However, the cation curing
agent 1s likely to absorb light having a short wavelength
shorter than that of blue light and, therefore, the epoxy resin
cured by the cation curing agent 1s likely to cause yellowing
due to 1rradiation with light having a short wavelength. There-
fore, when using the epoxy resin composition cured by the
cation curing agent 1n an optical semiconductor device that
emits or receive blue light or light having a short wavelength
shorter than that of blue light, yellowing of the resin 1s likely
to occur, thereby to cause light emission unevenness. In case
of a light converting type light emitting apparatus containing

8

a fluorescent substance, since light 1s trapped with high den-
sity by the fluorescent substance precipitated in the vicinity of
the light emitting device, severe yellowing tends to occur.
Since the curing reaction due to the cation curing agent
proceeds only by the ring-opening reaction between the
epoxy resins, the resulting epoxy resin composition has a
three-dimensional network wherein ether bonds are arranged
comparatively regularly and has poor flexibility. Therefore,
when the light emitting device 1s directly coated with the

0 epoxy resin cured by the cation curing agent, large stress 1s
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likely to be produced between the light emitting tip and the
resin during heating and cooling of the light emitting appa-
ratus.

To improve the tlexibility of the epoxy resin composition
cured by the cation curing agent, the epoxy resin to be cured
can be mixed with a low-molecular weight reactive diluent
such as monoglycidyl ether, polyglycol diglycidyl ether or
tertiary carboxylic acid monoglycidyl ether. Since the reac-
tive diluent prevents curing of the epoxy resin, when a large
amount of the reactive diluent 1s mixed, 1t becomes necessary
to increase the amount of the cation curing agent. Increase of
the amount of the cation curing agent makes yellowing of the
epOXy resin composition worse.

(Promoter)

The epoxy resin composition may contain a promoter.
Alcohols and polyols, which serve as the promoter, not only
impart flexibility to a cured article, thereby to improve peel
resistance, but also serve as a compatibilizing agent of a
curing accelerator described hereinaiter. To obtain required
light resistance, alcohols and polyols are preferably any of
C,_,, straight-chain, branched, alicyclic and ether group-con-
taining alcohols and polyols which have neither non-aromatic
nor carbon double bond 1n a chemical structure thereot. Spe-
cific examples thereof include propanol, 1sopropanol, meth-
ylcyclohexanol, ethylene glycol, glycerin, trimethylolpro-
pane and ethylene glycol monomethyl ether.

Proper amount of alcohols and polyols 1s preferably in a
range from 1 to 30 parts by weight, and more preferably from
S to 15 parts by weight, in case of a low-molecular weight diol
such as ethylene glycol. Proper amount of alcohols and poly-
ols 1s influenced by the chemical structure and the amount of
the curing accelerator because 1t 1s the compatibilizing agent
of the curing accelerator.

(Curing Accelerator)
The epoxy resin compound may contain a curing accelera-
tor. Examples of the curing accelerator include 1. tertiary

amines or 1midazoles and/or organic carboxylic acid salts
thereof, 2. phosphines and/or quaternary salts thereof, 3.
organic acid metal salts, 4. metal-organic chelate compounds
and 5. aromatic sulfonium salts. These curing accelerators
can be used alone, or two or more kinds of them can be used
in combination.

Specific examples of tertiary amines or imidazoles and
organic carboxylic acid salts thereof include 2.4,6-tris(diami-
nomethyl)phenol, 2-ethyl-4-methylimidazole, 1,8-diazabi-
cyclo(5.,4,0)undecene-7 (hereinafter abbreviated to DBU)
and octylates thereof. It 1s particularly preferred to add DBU
octylate having excellent light transmission properties of the
cured article, as the curing accelerator, the amount in a range
from 0.01 to 1 parts by weight based on 100 parts by weight
of the epoxy resin. In view of the moisture resistance of the
light emitting diode, the amount 1s more preferably from 0.1
to 0.5 parts by weight.

Specific examples of phosphines and quaternary salts
thereol include triphenylphosphine, tributylphosphine, ben-
zyl triphenylphosphonium bromide and benzyl tributylphos-
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phonium bromide. It 1s preferred to add benzyl triphenylphos-
phonium bromide having excellent light transmission
properties of the cured article i the amount 1n a range from
0.01 to 1 parts by weight based on 100 parts by weight of the
epoxy resin. In view of the moisture resistance of the light
emitting diode, the amount 1s more preferably from 0.1 to 0.5
parts by weight.

Specific examples of organic acid metal salts include zinc
octylate, zinc laurate, zinc stearate and tin octylate, each
having no carbon double bond. In proportion to an increase in
number of carbon atoms of the organic carboxlic acid com-
ponent, the solubility of organic acid metal salts in the epoxy
resin 1s lowered. Since zinc octylate may be used i the
amount within the widest range and i1s liqud, 1t does not
require a long time for dispersion and dissolution. Therefore,
it 1s preferred to add zinc octylate 1n the amount in a range
from 1 to 10 parts by weight 1n view of the curability. In view
of the light transmaission properties of the cured article, the
amount 1s more preferably 1n a range from 1 to 5 parts by
weight.

Specific examples of the metal-organic chelate compound
include acetylacetone zinc chelate, benzoylacetone zinc che-
late, dibenzoylmethane zinc chelate and acetoacetic acid eth-
ylzinc chelate, each being made of zinc, which exerts no
influence on the light transmission properties, and p-dike-
tone. Excellent light resistance and heat resistance can be
imparted to the epoxy resin by using a zinc chelate com-
pound. Since the zinc chelate compound has selective and
mild curing accelerating action to the epoxy resin, it becomes
possible to bond at low stress even 1n case of being made
mainly of a low-molecular weight monomer such as alicyclic
epoxy resin. In view of ease of handling, the zinc chelate
compound preferably contains bis(acetylacetonato )aquazinc
(2) [Zn(CH-0O,), (H,O)] including acetylacetone as a che-
late component 1n the amount 1n a range from 1 to 10 parts by
weight. In view of the solubility in the epoxy resin, the
amount 1s preferably 1n a range from 1 to 5 parts by weight.

When using an aromatic sulfonium salt as the curing accel-
erator, 1t becomes unnecessary to add an acid anhydride, as a
curing agent, 1n the epoxy resin composition. Since the aro-
matic sulfonium salt 1s decomposed by heat and/or ultraviolet
light having a wavelength of 360 nm or shorter to generate a
cation, an epoxy resin cation-polymerized cured article can
be obtained. The resulting cured article 1s ether-crosslinked
and 1s physically and chemically stable as compared with
those cured by the curing agent made of the acid anhydnide.
Specifically, triphenylsulfonium antimony hexatluoride and
triphenylsulfonium phosphorus hexafluoride can be used as
the aromatic sulfonium salt. Since triphenylsulfonium anti-
mony hexafluoride achieves high curing rate and suificient
curing even when using 1 a small amount, the amount is
preferably 1n a range from 0.01 to 0.5 parts by weight based
on 100 parts by weight of the epoxy resin and the amount 1s
more preferably in a range from 0.05 to 0.3 parts by weight
taking account of discoloration of the cured article due to heat
generation during the chain polymerization.

(Antioxidant)

The epoxy resin compound may contain an antioxidant.
Examples of the antioxidant include 1. phenol-based antioxi-
dant 2. phosphite-based antioxidant and 3. sulfur-based anti-
oxidant and these antioxidants can be used alone, or two or
more kinds of them can be used 1n combination. By the use of
the phenol-based antioxidant and phosphite-based antioxi-
dant in combination, for example, use of phenol-based anti-
oxidant and phosphite-based antioxidant in combination or
use ol phenol-based antioxidant and sulfur-based antioxidant
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in combination, a synergistic effect 1s obtained and thus the
elfect of preventing 1mitial coloration and the effect of sup-
pressing heat deterioration are improved. Specific examples
of the phenol-based antioxidant include 2,6-di-tert-butyl-p-
cresol, pentaerythritol and octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate. The antioxidant i1s preferably
added 1n the amount 1in a range from 0.01 to 2 parts by weight,
and more preferably from 0.1 to 0.5 parts by weight, based on
100 parts by weight of the epoxy resin. Consequently, the
light transmission properties of the cured article 1s improved.
Specific examples of the phosphite-based antioxidant include
triphenylphosphite, 2,2-methylenebis(4,6-di-tert-butylphe-
nyl)octyl phosphite and 9,10-dihydro-9-oxa-10-phos-
phaphenanthrene-10-oxide. When the antioxidant 1s added in
the 1n a range from 0.01 to 10 parts by weight based on 100
parts by weight of the epoxy resin, initial coloration of the
cured article can be satisfactorily prevented. When the anti-
oxidant 1s added 1n the amount 1n a range from 0.1 to 2 parts
by weight, the moisture resistance of the light emitting diode
can be improved. Specific examples of the sulfur-based anti-
oxidant include dilaurylthio dipropionate and distearylthio
dipropionate. The antioxidant i1s preferably added in the
amount 1n a range ifrom 0.01 to 5 parts by weight, and more
preferably from 0.1 to 2 parts by weight, based on 100 parts
by weight of the epoxy resin, thereby making 1t possible to
improve the moisture resistance of the cured article.

(Di1luent)

The diluent may be added 1n the epoxy resin compound.
The diluent include non-reactive and reactive diluents.
Examples of the reactive diluent include glycidyl ether, diep-
oxide and triepoxide of higher alcohol. The diluent 1s prefer-
ably added 1n the amount 1n a range from 3 to 10 parts by
weight based on 100 parts by weight of the epoxy resin,
thereby making 1t possible to secure the operability.

(Fluorescent Substance)

The fluorescent substance used 1n the light emitting appa-
ratus of the present invention may be one that 1s based on
yttrium aluminum oxide fluorescent substance activated with
cerium, that 1s capable of emitting light upon excitation of
light emitted by the semiconductor light emitting device that
uses a nitride semiconductor as the light emitting layer. Spe-
cifically, the yttrium aluminum oxide fluorescent substance
may be YAIO;:Ce, YAl O,,:Ce (YAG:Ce)orY _Al,O,:Ceor
a mixture thereof. The yttrium aluminum oxide fluorescent
substance with at least one of Ba, Sr, Mg, Ca and Zn added
thereto may also be used. Adding S1 enables 1t to restrain the
crystal growth and regulate the sizes of the fluorescent sub-
stance particles. In this specification, the term yttrium alumi-
num oxide fluorescent substance activated with Ce 1s broadly
interpreted so as to mean any fluorescent substance of which
yttrium 1s partially or totally replaced with at least one ele-
ment selected from among a group of Lu, Sc, La, Gd and Sm
and/or aluminum 1s partially or totally replaced with at least
one element selected from among a group of Ba, T1, Ga and
In.

More specifically, a photoluminescence fluorescent sub-
stance represented by general formula of (Y _Gd,_ );AlLO,,:
Ce (0<z=1), or a photoluminescence fluorescent substance
represented by general formula (Re,_Sm_),Re'.0O,,:Ce
(0=a<l, 0=b=1, where Re 1s at least one kind selected from
among Y, Gd, La and Sc, Re' 1s at least one kind selected from
among Al, Ga and In). This fluorescent substance, because of
garnet structure, has resistance against heat, light and mois-
ture, and 1s capable of absorbing light with excitation spec-
trum having a peak around 450 nm. It also emits light with a
broad emission spectrum having a peak near 580 nm tailing to
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700 nm. Efficiency of excited light emission of the photolu-
minescence fluorescent substance in a region of wavelengths
longer than 460 nm can be improved by 1including Gd (Gado-
lintum) 1n the crystal. As the Gd content 1s increased, emis-
sion peak shifts toward longer wavelength and the entire
emission spectrum also shiits toward longer wavelength. This
means that Gd content may be increased when emission of
reddish light 1s required. As the Gd content increases, lumi-
nance of light emitted from photoluminescence by blue light
tends to decrease. In addition to Ce, such element may also be
added as Th, Cu, Ag, Au, Fe, Cr, Nd, Dy, Co, N1, Ti or Eu. In
the composition of yttrium aluminum garnet fluorescent sub-
stance having garnet structure, replacing a part of Al with Ga
causes the emission spectrum to shift toward shorter wave-
length. Replacing a part of Y with Gd causes the emission
spectrum to shift toward longer wavelength. When replacing
a part ol Y with (Gd, 1t 1s preferable to limit the proportion of
Y atoms replaced with Gd less than 10% and control the Ce
content in a range from 0.03 to 1.0. When the proportion of
replacement with Gd i1s less than 20%, green component
increases and red component decreases, while red component
can be added by increasing the Ce content thereby achieving
the desired color tone without decreasing the luminance.
Such a composition also allows 1t to achieve good tempera-
ture characteristic and improve the reliability of the light
emitting diode. When photoluminescence fluorescent sub-
stance that 1s adjusted to include much red component 1s used,
a light emitting apparatus capable of emitting an intermediate
color such as pink can be made. Such a photoluminescence
fluorescent substance can be made by using oxides ol'Y, (d,
Al and Ce or compounds that can be easily turned 1nto oxides
at a high temperature and mixing these material 1n stoichio-
metrical proportions. Alternatively, coprecipitation of a solu-
tion of rare earth elements such as Y, Gd and Ce 1n oxalic acid
in stoichiometrical proportions may be fired and mixed with
aluminum oxide to obtain a material. A fluoride such as
bartum fluoride or ammonium fluoride 1s added as a flux to
this material, that 1s then put into a crucible and fired 1n air at
atemperature in arange from 1350 to 1450° C. for 2 to S hours
to obtain a fired material. Then the fired material 1s subjected
to ball-maill process 1n water, washing, separation, drying and
sieving to obtain a fluorescent substance.

The photoluminescence fluorescent substance of the light
emitting apparatus according to the present invention may
comprise a mixture of two or more kinds of yttrium aluminum
garnet fluorescent substance activated with cerium, or a mix-
ture of yttrium aluminum garnet fluorescent substance acti-
vated with certum and another kind of fluorescent substance.
Light emission with a desired color tone can be easily
achieved by mixing two kinds of yttrium aluminum garnet
fluorescent substance having Y component replaced with Gd
to different degrees. In particular, improvement of color ren-
dering performance and luminance can be achieved at the
same time by making coarse fluorescent substance particles
from a heavily substituted fluorescent substance and making
medium fluorescent substance particles having median par-
ticle size smaller than that of the coarse fluorescent substance
particles from a tfluorescent substance of which component 1s
substituted to a lesser degree or not substituted at all.

Particle size of the fluorescent substance used in the present
invention 1s preferably 1n a range from 10 to 50 um, and more
preferably 1n a range from 15 to 30 um. This particle size
enables 1t to 1mprove the luminance of the light emitting
apparatus of integrated nitride semiconductor while prevent-
ing the light from being blocked. The fluorescent substance of
particle size 1n the range described above has high light
absorbing efficiency and high conversion efficiency, and has
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broader band of excitation wavelengths. Since the color con-
verting member of the present invention comprises powder
resin and fluorescent substance being mixed and dispersed,
the color converting member can be made with the coarse
fluorescent substance particles that has the good optical prop-
erties dispersed uniformly, thus enabling 1t to make the light
emitting apparatus capable of emitting light with high lumi-
nance and high reliability. A fluorescent substance having
particle size not larger than 15 um, on the other hand, 1s likely
to coagulate and precipitate 1n a liquid resin, thus decreasing
the light transmission efliciency. In the present specification,
particle size refers to a value determined from volumetric
particle size distribution curve. The volumetric particle size
distribution curve 1s determined from particle size distribu-
tion measured by laser diffraction and diffusion method. Spe-
cifically, the material 1n question 1s dispersed 1n 0.05% water
solution of sodium hexametaphosphate at ambient tempera-
ture of 25° C. and humidity of 70%, and the particle size

distribution 1s measured 1n a range from 0.03 to 700 um with
laser diffraction particle size distribution measuring instru-
ment (SALD-2000A). The median particle size 1s defined as
the particle size of 50% accumulated particle size 1n the
volumetric particle size distribution curve. The fluorescent
substance used in the present invention preferably has median
particle size 1n a range from 15 to 50 um. It 1s also preferable
that the fluorescent substance having this median particle size
1s included 1n high concentration from 20% to 50%. Use of
such a fluorescent substance having less variance in the par-
ticle sizes enables 1t to make light emitting apparatus having
good color tone with color unevenness being suppressed.
When fine fluorescent substance particles having median par-
ticle size 010.3 um or larger and smaller than 1 pum 1s included,
this fluorescent substance hardly emits light but allows 1t to
control the viscosity of the resin without decreasing the lumi-
nous intensity compared to a case where other dispersant 1s
used, and uniform light emission can be achieved since the
fluorescent substance also has light diffusing effect.

(Diffusing Agent)

According to the present invention, a diffusing agent may
also be added to the color converting member, 1n addition to
the fluorescent substance. Specifically, bartum titanate, tita-
nium oxide, aluminum oxide, silicon oxide or the like may be

preferably used as the diffusing agent. Thus a light emitting
apparatus having good directivity can be made.

The diffusing agent referred to 1n this specification prefer-
ably has median particle size of 0.3 nm or larger and smaller
than 5 um, and more preferably 0.3 um or larger and smaller
than 1 um. Such a diffusing agent causes satisfactory random
reflection of light emitted by the light emitting device and the
fluorescent substance, and suppresses color unevenness that
tends to be caused by the use of fluorescent substance having
large particle size, and 1s therefore preferable. It also enables
it to decrease the half width of the emission spectrum to
obtain a light emitting apparatus of higher color purity. The
diffusing agent having particle size of 0.3 um or larger and
smaller than 1 um 1s less likely to intertere with the light of the
wavelength emaitted by the light emitting device while allow-
ing it to control the viscosity of the resin without decreasing
the luminous intensity. This makes 1t possible to maintain the
fluorescent substance uniformly dispersed 1n the resin that 1s
contained 1n a syringe when applying the color converting
member 1n a process of potting or the like, thereby making 1t
possible to manufacture with a high yield of production even
when a fluorescent substance of large particle size that 1s
relatively difficult to handle 1s used. The diffusing agent used
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in the present mnvention has different effects depending on the
particle size and may be selected or combined according to
the intended application.

(Mounting Member)

For the mounting member used in the present invention,
epoxy resin compound 1s used that bonds the semiconductor
light emitting device and the base material 104 with satisiac-
tory mass producibility, and prevents deterioration due to the
light emitted by the semiconductor light emitting device. The
epoxy resin compound may include a curing agent, a pro-
moter and/or a curing assisting agent as well as an alicyclic
epoxy resin and an acid anhydride added thereto. It needs not
to say that light resistance, heat resistance and bonding per-
formance can be controlled by means of the chemical struc-
ture and concentration of the additives. The epoxy resin com-
pound may also be used as an electrically conductive paste by

adding Ag, Au or I'TO.

(Base Material)

The base material 104 1s used for the placement of the
semiconductor light emitting device. The base material 104 1s
preferably one that 1s capable of effectively reflecting and
utilizing the light emitted by the semiconductor light emitting,
device. The base material 104 may have such a size that 1s
enough to bond with the mounting member, and may be of
various shape and material according to the desired charac-
teristic. Specifically, lead terminal used 1n a light emitting,
diode or the package of chip-type LED 1s preferably used.

One semiconductor light emitting device or more can be
placed on the base material. An LED chip having a plurality of
emission wavelengths may also be placed for the purpose of
controlling the wavelength of emitted light. In the case of
placing an LED chip that uses a nitride semiconductor formed
on S1C or the like, suilicient electrical conductivity 1s required
as well as bonding performance. In case the electrodes of the
semiconductor light emitting device are connected to the
substrate (lead electrode or the like) by using conductive
wires, the base material preferably has good connectivity
with the conductive wire. For the base material that 1s
required to have such characteristics as described above, lead
clectrode, package or other appropriate configuration made
ol steel, copper, steel-interfused copper, tin-interfused cop-
per, aluminum or steel plated with copper, gold or silver,
ceramic or synthetic resin material may be used.

(Electrically Conductive Wire)

The electrically conductive wire that 1s an electrical con-
nection member 1s required to have good ohmic property with
the electrode of the semiconductor light emitting device,
mechanical connectivity, electrical conductivity and thermal
conductivity. Thermal conductivity 1s preferably 0.01 cal/
cm*/cm/° C. or higher, and more preferably 0.5 cal/cm?/
cm/® C. or higher. In consideration of workability, the elec-
trically conductive wire has a diameter preferably 10 um or
larger and not larger than 45 um. The electrically conductive
wire may be made of such a metal as gold, copper, platinum,
aluminum or an alloy thereof. Such an electrically conductive
wire can easily connect between the electrodes of the LED
chip and the mner lead and mounting lead by means of wire
bonding equipment.

(Molding Member)

The molding member 1s provided for the purpose of pro-
tecting the semiconductor light emitting device and other
members from the external environment. As such, the color
converting member may be used as the molding member, or a
light transmitting resin other than the color converting mem-
ber may be formed as the molding member. The molding
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member may be formed 1n a desired shape such as convex lens
or concave lens. As the molding member that does not make
contact with the semiconductor light emitting device, alicy-
clic epoxy resin 1s preferably used similarly to the mounting
resin or color converting member of the present invention.

More specifically, the light transmitting resin constituting
the molding resin 1s preferably an alicyclic resin composition
containing 5% by weight or less of an aromatic component
(1including the case of containing no aromatic epoxy resin),
and more preferably an alicyclic resin composition contain-
ing 1 ppm or less of morganic chlorine and 5 ppm or less of
organic chlorine. The light transmitting resin used in the
molding member 1s more preferably an alicyclic epoxy resin
Or epoxy resin containing an acid anhydride. Various addi-
tives can be added, 1n addition to various diffusing agents and
colorants.

EXAMPLE 1

As the light emitting apparatus of the present invention, a
lamp-type light emitting diode of long wavelength converting
type 1s formed as shown 1n FIGS. 1A and 1B. An LED chip
that has a light emitting layer made of InGaN and has main
light emission peak at 470 nm 1s used. The LED chip 1s
tformed by the MOCVD process. Specifically, a cleaned sap-
phire substrate 1s placed in a reaction chamber. TMG (trim-
cthyl) gas, TMI (trimethyl-indium) gas, TMA (trimethyl-
aluminum) gas or ammonia gas 1s used as the film forming
reaction gas, hydrogen gas 1s used as the carrier gas, and
silane gas and cyclopentadiamagnesium 1s used as the 1impu-
rity gas.

The LED chip 1 has such a layer constitution formed on the
sapphire substrate, as low-temperature butfer layer of AlGaN,
undoped GaN (about 15000 A thick) for improving crystal-
linity, Si-doped GaN (about 21650 A thick) having electrode
formed thereon and serves as n-type contact layer, undoped
GaN (about 3000 A thick) for improving crystallinity, a
multi-layer film constituted from super lattice of undoped
GaN (about 50 A thick) and Si-doped GaN (about 300 A
thick) and serving as n-type cladding layer, a multi-layer film
constituted from super lattice of undoped GaN (about 40 A
thick) and undoped InGaN (about 20 A thick) for improving
the crystallimty of the light emitting layer to be formed
thereon, a light emitting layer consisting of a multi-layer film
constituted from undoped GaN (about 250 A thick) and
InGaN (about 30 A thick) having multiple quantum well
structure, a multi-layer film constituted from super lattice of
Mg-doped InGaN (about 25 A thick) and Mg-doped GaAIN
(about 40 A thick) and serving as p-type contact layer, and
Mg-doped GaN (about 1200 A thick) that is p-type contact
layer (a GaN layer 1s formed at a low temperature on the
sapphire substrate as a butler layer, and p-type semiconductor
1s annealed at 400° C. or higher after growth). Then the p-type
and n-type contact layers are exposed by etching on the same
surface side of the nitride semiconductor on the sapphire
substrate. Positive and negative electrodes are formed by
sputtering process on the respective contact layers. The semi-
conductor water thus completed 1s scribed and diced with an
external force to separate into individual LED chips. The
LED chip has monochromatic peak wavelength at 470 nm.
Last, the entire device 1s covered with an insulating protective
film made of S10, having thickness of 2 um leaving only the
bonding surface of the electrodes being exposed, so that the
light transmission rate 1s 90% at wavelength of 470 nm.

With a pair of lead electrodes 7a and 756 made of steel-
interfused copper being used, the LED chip 1s mounted at the
bottom of a cup that 1s mounted at the distal end of a first lead
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7a by using an epoxy resin compound as the mounting resin.
Specifically, the epoxy resin compound 1s applied to the
inside of the cup at the distal end using a syringe dispenser,
and the LED chip 1 1s mounted therein. This assembly 1s
heated to 170° C. for 75 minutes, so as to cure the epoxy resin
compound and fasten the LED chip.

The lead electrodes 7a and 76 are pressed 1n a direction
parallel to the bottom surface from the bottom surface upward
in a region that 1s not sealed with the molding member, or
pressed from both sides of the bottom surface side and the
opposite side, i order to smooth the burred portion on the
bottom surface of the lead electrode generated when punch-
ing out the lead electrode. The lead electrode 1s coated with
lusterless plating having thickness of 3 um after prime treat-
ment of copper plating.

Various resins can be used as the mount resin. In the present
invention, a colorless transparent epoxy resin composition
prepared by uniformly mixing 100 parts by weight of 3,4-
epoxycyclomethyl-3'.4'-epoxycyclohexylcarboxylate as a
non-aromatic epoxy resin having high reliability with 90
parts by weight of methylhexahydrophthalic anhydride, 10
parts by weight of ethylene glycol, 4 parts by weight of zinc
octylate and 2.5 parts by weight of bis(acetylacetonato) aqua
zinc (2) was used.

Then, the positive and negative electrodes of the LED chip
1 are wire-bonded with the mount lead and the inner lead
using gold wires so as to establish electric continuity.

Then, a colorless transparent curing solution 1s prepared by
mixing 100 parts by weight of methylhexahydrophthalic
anhydride, 2 parts of ethylene glycol serving as a promoter
and 0.5 parts by weight of benzyltriphenylphosphonium bro-
mide.

Then, a mixed solution 1s prepared by mixing 328.32 parts
by weight of the curing solution with 100 parts by weight of
1,3,5-triglycidyl isocyanurate, as an epoxy resin dertved from
triazine, having a melting point of 100° C. (epoxy equivalent
rati1o of epoxy resin derived from triazine to the curing agent
1s 1:2) at normal temperature.

As the fluorescent substance 4, (Y, Gd,;5), 66 AlO;,:
Ce0.035 having median particle size of 21.429 um having
about 20% o1 Y atoms being replaced with Gd 1s formed. The
fluorescent substance 1s constituted from coarse fluorescent
substance particles and fine fluorescent substance particles,
and accumulated proportion 1s 4.6% and particle sizes are
from 1.371 um to 8.379 um 1n a flat region where gradient of
the volumetric particle size distribution curve 1s zero. That 1s,
4.6% of the entire fluorescent substance 1s fine fluorescent
substance particles having particle sizes smaller than 1.371
um and the remaining 95.6% 1s coarse fluorescent substance
particles having particle sizes larger than 8.379 um. Median
particle size of the fluorescent substance that has been clas-
sified by precipitation so as to achieve such a particle size
distribution 1s 21.4 um, and the frequency at the median
particle size 1s 29.12%. Peak particle size of the fine fluores-
cent substance particles 1s 0.613 um and peak particle size of
the coarse fluorescent substance particles 1s 22.908 um.

In order to obtain light of (x, y=0.33, 0.33) in the chroma-
ticity chart of CIE, the powdered fluorescent substance that
has been controlled as described above and the mixture solu-
tion are mixed in weight proportion of 28:100 and dispersed
in a ball mill for 24 hours. The dispersed solution thus
obtained 1s potted with a syringe 1nto a recess of a casing
wherein the LED chip i1s connected to a pair of lead electrodes
with gold wires and, after preheating at 170° C., cured for two
hours 1n an oven, thereby completing the color converting,
member 3.
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Then the epoxy resin compound 1n liquid state 1s poured
into a casting case of bullet shape mold, and part of the
mounting lead and the inner lead that are disposed 1n the cup
wherein the LED chip 1s encased 1s 1nserted into the casting
case and subjected to primary curing at 120° C. for two hours.
After the primary curing, the light emitting diode 1s taken out
of the casting case and subjected to secondary curing at 140°
C. for four hours, thereby forming the molding member 6.

The light emitting diode made as described above contains
much fluorescent substance dispersed satisfactorily therein,
with very thin fluorescent substance layer precipitated around
the light emitting device, and therefore provides uniform light
emission of high output power. Relationship between the
initial relative output power and the hours of operation as
current of 20 mA was supplied 1s shown 1n FIG. 5. It can be
seen that the optical output power hardly decreases until the
first 1000 hours of operation has elapsed, and the optical
output power can be maintained for 3500 hours.

COMPARAIIVE EXAMPL.

T

Light emitting diode was manufactured in the same man-
ner as in Example 1, except for using an epoxy resin, that 1s
liguid at the room temperature, mstead of the epoxy resin
derived from triazine. Relationship between the 1nitial rela-
tive output power and the hours of operation as current of 20
mA was supplied to this light emitting diode 1s shown 1n FIG.
5. Optical output power decreases to 87% after 500 hours of
operation and to 78% after 1000 hours of operation, and color
unevenness 1s observed.

EXAMPLE 2

100 Parts by weight of 1,3,5-triglycidyl 1socyanurate,
which 1s an epoxy resin derived from triazine as a base agent,
and 328.32 parts by weight of the above curing solution
(epoxy equivalent ratio of epoxy resin dertved from triazine to
the curing agent 1s 1:2) were mixed to prepare a mixed solu-
tion. The resulting mixed solution was mixed with the above
fluorescent substance and S10, having a center particle diam-
cter of 0.5 um at a mixing ratio of 100:23:35 and then uni-
formly dispersed 1n a ball maill for 24 hours to obtain a dis-
persion. In the same manner as in Example 1, except that the
dispersion was prepared as described above, a light emitting
diode was manutactured. As shown 1n FIG. 5, the same effect
as that in Example 1 can be obtained.

EXAMPLE 3

100 Parts by weight of 1,3,5-triglycidyl isocyanurate,
which 1s an epoxy resin derived from triazine as a base agent,
and 328.32 parts by weight of the curing agent were mixed to
prepare a mixed solution. The resulting mixed solution was
mixed with the fluorescent substance, S10, and a diluent at a
mixing ratio of 100:23:35:10 and then uniformly dispersed in
a ball mill for 24 hours to obtain a dispersion. In the same
manner as 1n Example 1, except that the dispersion was pre-
pared as described above, a light emitting diode was manu-
factured. As a result, the same effect as that in Example 1 can
be obtained.

The invention claimed 1s:

1. A method of manufacturing a light emitting apparatus
comprising a light emitting device, a base material having a
cup in which the light emitting device 1s mounted, a tluores-
cent substance capable of absorbing at least a portion of light
emitted by the light emitting device and emitting light of a
different wavelength, a color converting member which con-
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tains the fluorescent substance and directly coats the light
emitting device, and a molding member covering the color
converting member, said method comprising:

adding a powdered resin 1n a curing solution containing an

acid anhydride curing agent as a main component at a
temperature lower than a melting point of the powdered
resin to prepare a mixed solution, adding a powdered
fluorescent substance having a particle size 1n a range
from 15 micron to 50 micron 1n the mixed solution, and
umiformly dispersing the powdered fluorescent sub-
stance to obtain a dispersion liquid; and

potting the dispersion liquid into the cup to coat the light

emitting device with the dispersion liquid, and heating to
a temperature higher than a melting point of the resin,
thereby to cure the dispersion liquid to form a color
converting member wherein said fluorescent substance
1s dispersed.

2. The method of manufacturing a light emitting apparatus
according to claim 1, wherein the powdered resin 1s opaque
and exhibits light transmission properties after curing in the
second step.

3. The method of manufacturing a light emitting apparatus
according to claim 1, wherein the powdered resin 1s an epoxy
resin derrved from triazine.

4. The method of manufacturing a light emitting apparatus
according to claim 3, wherein the epoxy resin dertved from
triazine has an 1socyanurate ring.

5. The method of manufacturing a light emitting apparatus
according to claim 1, wherein the heating comprises a pri-
mary heating and a secondary heating.

6. The method of manufacturing a light emitting apparatus
according to claim 1, wherein the powdered fluorescent sub-
stance comprises yitrium aluminum oxide.

7. The method of manufacturing a light emitting apparatus
according to claim 1, wherein the powdered fluorescent sub-
stance comprises Y 3,Al 5,0, 5,:Ce or derivatives thereof.

8. The method of manufacturing a light emitting apparatus
according to claim 7, wherein'Y 1s partially replaced or totally
replaced by at least one element selected from the group
consisting of Lu, Sc, La, Gd, Sm, and combinations thereof.
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9. The method of manufacturing a light emitting apparatus
according to claim 7, wherein Al 1s partially replaced or
totally replaced by at least one element selected from the
group consisting of Ba, T1, Ga, In, and combinations thereof.

10. The method of manufacturing a light emitting appara-
tus according to claim 7, wherein Ce 1s replaced by one
clement selected from the group consisting of Th, Cu, Ag, Au,
Fe, Cr, Nd, Dy, Co, N1, T1, and Eu.

11. The method of manufacturing a light emitting appara-
tus according to claim 7,
wherein 'Y and Al are partially replaced or totally replaced;
whereinY is replaced by at least one element selected from

the group consisting of Lu, Sc, La, Gd, Sm, and combi-

nations thereotf; and

wherein Al 1s replaced by at least one element selected

from the group consisting of Ba, T1, Ga, In, and combi-
nations thereof.

12. The method of manufacturing a light emitting appara-
tus according to claim 7,

wherein 'Y and Al are partially replaced or totally replaced;

wheremnY 1s replaced by at least one element selected from
the group consisting of Lu, Sc, La, Gd, Sm, and combi-
nations thereof;

wherein Al 1s replaced by at least one element selected
from the group consisting of Ba, T1, Ga, In, and combi-
nations thereof; and

wherein Ce 1s replaced by one element from the group
consisting of Th, Cu, Ag, Au, Fe, Cr, Nd, Dy, Co, N1, T1,
and Fu.
13. The method of manufacturing a light emitting appara-
tus according to claim 1, wherein the light emitting device
comprises a nitride semiconductor.

14. The method of manufacturing a light emitting appara-
tus according to claim 1, wherein the fluorescent substance
having the median particle size 1s included 1n high concen-
trations that range from 20 percent to 50 percent 1n the solu-
tion.




	Front Page
	Drawings
	Specification
	Claims

